Mangroves are specialized ecosystems consisting of diverse groups of tropical trees and shrubs adapted to grow in intertidal regions. The ecological and economical importance of this most productive and diverse ecosystem are well explored (Blasco et al. 1996; Oakes et al. 2010) . Mangroves efficiently trap sediments and the sedimentation process is influenced by various factors like sediment supply, hydrodynamics of the area, geochemical parameters etc. (Alongi 2008; Sanders 2012 ). The high rates of accretion make the mangrove sediments useful in palaeoclimatic studies (Kumaran et al. 2004 ). These sediments show presence of many organisms including Foraminifera which are unicellular protists (Lezine et al. 2002) . They typically produce a test, or shell, made up of calcium carbonate or agglutinated sediment particles which are well preserved following their death. The evolutionary significance of Foraminifera and the exceptional quality of fossil records make them an excellent proxy for inferring past climatic conditions (Nigam 2005; Murray 2006 ). Studies around the world have shown that the shell deposits of Foraminifera in the sediments of mangroves help in palaeoclimatic reconstructions (Horton et al. 2003; Gehrels & Newman 2004; Woodroffe et al. 2005) .
The diversity and distribution of foraminiferal assemblages in mangrove sediments are controlled by environmental factors (Bradshaw 1968; Murray 2001) , post depositional changes (White & Walker 2011) and anthropogenic activities (Sarkar & Bhattacharya 2010) . The present study was designed to understand the diversity and distribution of foraminiferal assemblages in down core mangrove sediments collected from two areas in the western coast of India.
Materials and Methods
Mangroves of Chithrapu ( 56'19"E), Kerala along the western coast of India were selected for the present study (Image. 1). The main species of mangroves present in these areas were Sonneratia alba, Rhizophora mucronata, Avicennia officinalis, Bruguiera zymnorhiza, Acanthus ilicifolius along with some associated species. Parallel sediment cores of about 1m depth were collected from each of these mangroves during periods of low tide (Image. 2). The areas cored were not much disturbed by anthropogenic activities and were minimally infused with fresh water. The cores were transported to lab, cut and sub-sampled at every inch (2.5cm intervals). The sediment samples for foraminiferal assemblage study were oven dried at 60 0 C. The foraminiferal tests in the cores were easily susceptible to breakage and dissolution due to the long time deposition. Hence, chemical treatments were avoided and samples were repeatedly washed through 63μm sieve under low water pressure. The sand fractions were collected over whatman filter paper and oven dried at 60 0 C. 5-10 g of dried sediment samples were used for foraminiferal assemblage studies and all the results were finally represented as per gram weight of sediment samples. Foraminiferal tests were examined, picked on to micropalaeontological slides and identified with the help of a stereo microscope. The species were identified according to Loeblich & Tappan (1987) . Biodiversity indices were calculated by using Past software version 2.17 b.pH of the sediment samples down the core were measured in supernatant suspension of a 1:5 soil liquid mixture potentiometrically using pH meter (Trivedi & Goel 1986 ). Modified Walkley Black method (Trivedi & Goel 1986 ) was used for calculating the percentage organic matter present in the sediment samples down the core. An estimation of calcium carbonate was done by acid soluble weight loss method (Campillo et al. 1992) and the percentage was calculated. A total of 59 species belonging to 32 genera, 24 families and five suborders were identified collectively from mangrove cores of Chithrapu and Kumbla (Table 1) . Chithrapu cores showed the presence of 55 species of Foraminifera belonging to all the 32 genera 24 families and five suborders while in Kumbla cores there were 33 species of 20 genera 12 families and three suborders (Fig. 1) . The cores of both the sites showed abundance of Rotalidium species mainly Rotalidium annectans which are the abundant species found in the western coast of India (Nigam & Chathurvedi 2000; Gadi & Rajashekhar 2009 Table 2 ). There were considerably wide variations in the diversity and distribution of tests at every depth down the core. The comparatively lower diversity in mangrove cores might be due to the poor preservation of tests in the deposited sediments which resulted in the loss or change in the relative abundance of particular species, or a loss in species diversity (Smith 1987) . The distribution of the tests in the down core samples could have been affected by the dominance of some particular species which could resist the post depositional and other destructive changes (Hayward et al. 2004; Husain et al. 2007 ). Both the cores showed a complete absence of foraminiferal tests at some continuous depths (40-57.5 cm depth in Chithrapu, 90-97.5 cm depth in Kumbla), which might be indications of past climatic changes such as sea level regression, increased atmospheric CO 2 etc or due to post depositional taphonomic changes etc. (Fig. 2) . The pH, organic matter (%) and CaCO 3 (%) down the cores varied from 7.3-8.6, 0.1-2.7 %, 2-13 % respectively in Chithrapu cores and 7.7-8.0, 0.2-3.5 %, 1-14 % respectively in Kumbla cores (Fig. 3) . Hydrogen ion concentration (pH) significantly affects the existence of foraminiferal tests. Lower pH (<7.0) accompanied by lower temperatures can cause dissolution of calcium carbonate in sediments (Bradshaw 1968) . In Chithrapu cores, the calcium carbonate showed a slightly decreasing trend towards depth while there was a slight increase in bottom segments. According to Sundararajan & Srinivasalu (2010) , high sedimentation might be the reason for the high value of calcium carbonate in the Number of species
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The lower values of organic matter at certain depths could be due to higher decomposition rates. Studies have shown that surface sediments from intertidal zones show a significant correlation between these sediment characteristics and the abundance of Foraminifera (Gadi & Rajashekhar 2007; Gandhi et al. 2007 ). But in core samples especially those from mangroves, such correlations may not be found due to the interference of many other factors (Sanders et al. 2010; Sundararajan & Srinivasalu 2010) . In the present study also, such correlations between sediment characteristics and foraminiferal assemblages were not significant. This may be due to intense post depositional changes including post-mortem taphonomical changes (Berkeley et al. 2007 ) or the past environmental conditions which the mangroves experienced (Ellison & Zouh 2012) . In addition to this, anthropogenic activities can also disturb the post-sedimentation process and alter the physicochemical and biotic components of core samples to a greater extent (Qiu et al. 2011; Lezine et al. 2002) .
